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Abstract 
Lightweight foamed concrete has a compressive strength of between 1 MPa to 15 MPa [1] and normally is at grade of non 
structural concrete. A method to improve its tensile strength, compressive strength and modulus of elasticity is conducted by 
adding fibers i.e. Galvalum. This research aims at determining the effect of adding Galvalum fiber to above properties of 
lightweight foamed concrete.  The research resulted a concrete with specific gravity less than 1900 kg/m3, compressive strength 
increased by 34.09%, tensile strength increased by 47.37% and modulus of elasticity increased by 25.81% so that it is categorized 
as structural concrete. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014. 
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Intoduction  
Structural designs highly consider the weight of concrete itself, because the high density concrete will greatly 
affect the loading to structures. To handle this problem, efforts are done to make a lightweight concrete with a lower 
specific gravity ranging from 400 to1800 kg/m³ [2]. 
LFC is one of lightweight concrete composition of cement, sand, water and stable foam, without coarse aggregate 
in it. The appropriate term is LFC foam mortar. LFC generally contains a minimum of 25% air cavity that 
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distinguishes it from normal concrete [3]. LFC has a compressive strength less than 17.5 MPa, suitable as non 
structural material such as walls [4]. Interesting problems for researchers are to add or improve tensile strength and 
compressive strength of concrete, so as to achieve the strength of 17.5 MPa. To add or strengthen concrete of the 
elements that have  stress and strain problems, one of which is to add fibers  to the concrete. 
In this research, LFC are mixed with the fiber. A fibre concrete is a composite which consists of ordinary 
concrete and other materials such as fiber. Fiber addition into the lightweight concrete mixture will also increase the 
compressive strength accordingly with the Poisson's ratio and shear modulus of lightweight concrete, reaching the 
most optimum level of 0.7% of the volume of concrete [5]. The purpose of this research was to determine the extent 
of the effect of adding fiber galvalum AZ 150 to the modulus of elasticity, tensile strength, and tensile split strength 
of the LFC. 
1. Literature review 
2.1 Overview 
Concrete is produced by mixing cement, water, aggregates with or without specific additives (admixtures). The 
concrete forming materials is mixed evenly with a specific composition to produce a plastic mixture that can be 
poured into molds in accordance with the desired form. The mixture will gradually harden as a result of chemical 
reaction between cement and water that lasts for a certain period [6]. 
Lightweight concrete is concrete with a weight of less than 1800 kg/m3, has less compressive strength than that of 
normal concrete and low performance to dissipate heat. Fabrication of lightweight concrete is usually made by 
means of the provision of air bubbles into the concrete mix, or by using lightweight aggregates, such as clay, 
pumice, etc [1]. 
Fiber concrete is defined as a concrete made from a mixture of cement, water and a number of randomly 
distributed fibers. The principle is the addition of fiber reinforcement gives the concrete (when distributed evenly to 
the concrete mix with a random orientation) ability to prevent earlier concrete cracks in the tensile area due to the 
heat of hydration or loads [7]. 
A foam concrete is a mixture of cement, water, aggregates with added material (admixture) and the mixing of 
bubbles in foam form in the mortar, causing a lot of air pores in the concrete [8]. 
2.2. Materials for foamed lightweight fiber concrete with galvalum 
x Portland cement 
Cement is used to glue the aggregate grains so that there is a solid mass and also fill cavities between the grains of 
the aggregate. One common type of cement used in the fabrication of concrete is Portland cement. Portland cement 
consists of lime, silica, alumina and iron oxide as base materials [2]. 
x Aggregates 
Aggregate is natural mineral grains that serve as filler in a mixture of mortar or concrete. The aggregates fill as 
much as 60% - 80% of the volume of mortar or concrete. Although just as filler, the aggregate affects the properties 
of mortar or concrete. Shape, texture, and gradation of aggregates affect workability properties, binding and 
hardening of fresh concrete, whereas the physical, chemical, and mineral affect the strength, hardness and durability 
of the concrete, so the selection of aggregates is an important part in the fabrication of mortar or concrete [9]. 
x Water 
Water is required in the fabrication of concrete so that chemical reaction occurs leading to the binding cement and 
hardening process and also for lubricating the aggregate grains to be easily mixed and compacted [10]. In the 
reaction with cement, water takes only about 25% -30% of the cement weight, but in reality the value of water-
cement ratio is used more than 30%. Excessive water was used for lubrication the concrete mix, according to [2].  
Water that qualifies as drinking water, also qualified for the concrete mixture. 
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x Foam agent 
According to [8], foam agent is a concentrated solution of surfactants, which if to be used, should be diluted with 
water. Surfactants are substances that tend to be concentrated at the interface and enable the interface by creating 
bubbles in the mortar so that there will be a lot of air pores in the concrete. 
x Galvalum fiber  
Galvalum fiber is obtained from industrial waste light profile (lightweight baring truss). In addition to 
environmentally friendly, fiber galvalum also be appropriate technology as a positive added value. Galvalum is 
metal coated steel sheet (coating) with zinc and aluminum so that in addition to good strength galvalum also resistant 
to corrosion, so that the resulting mixture will have good durability. Galvalum has a specific gravity of 7400 kg/m3 
[11]. 
2.3 Compressive strength test 
Concrete compressive strength is the maximum load per area, which causes the concrete specimen to crack due to  
compression force generated by a machine.  Compressive strength of concrete is determined by the ratio of cement, 
fine aggregate, water, and various types of additives [2]. Ratio of water to cement is a major factor in determining 
the compressive strength of concrete. 
2. Research method 
The method of the research is  experiment in laboratory to make LFC without coarse aggregate and add fiber 
content of 0%, 0.25%, 0.5% and 1% of volume of concrete. Cylindrical specimen with dimensions 7.5 cm x 15 cm 
and cylinder 15 cm  x 30 cm [10]. A total of 3 pieces for each variation for testing specific gravity, modulus of 
elasticity, compressive strength of concrete and concrete split tensile strength test. This research was conducted at 
the Laboratory of the Faculty of Materials Engineering, University March Surakarta. 
3.1 Research stages 
x Stage I : Preparation. At this stage all the materials and equipment needed in the research study are prepared.  
x Stage II : Material Test. At this stage, the research investigates the properties of fine aggregate. This is done to 
determine the nature and characteristics of the material. Tests are carried out i.e. organic substances testing, 
testing levels of mud testing the specific gravity and gradation of fine aggregate. 
x Stage III : Fabrication of Specimen. At this stage, the research undertakes lightweight concrete mix design, 
lightweight concrete mix specimen. 
x Stage IV : Curing. Curing is conducted to the specimens by covering the specimen with water soaked burlap sack 
on the second day for 14 days, aerated lightweight concrete for 14 days or until the 28-day-old specimen. 
x Stage V : Specimen Test. At this stage of testing specific gravity, modulus of elasticity, compressive strength and 
powerful blistering sides. Testing density, compressive strength and split tensile strength test is performed on 
concrete cylinder with 7.5 cm in diameter and 15 cm height at age of 28 days, while the modulus of elasticity 
tests performed on cylindrical specimen of 15 cm and 30 cm. 
x Stage VI : Analysis. This stage focuses on analyzing the material and specimen in order to get a relationship 
amongst variable observed. 
x Stage VII : Conclusion. At This final stage, the analysed datato be concluded in consideration to the research 
objectives. 
3. Result and discussion 
Research results from Table 1 to 7 and Fig. 1 to 3 sourced from research [12]. Tests on fine aggregate in this 
research include mud proportion test, organic matter content, aggregate gradation and specific gravity. Summary of 
the results of these tests are presented in Table 1. 
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Table 1. Result of fine aggregate investigation 
No Type of test Unit Result Specification*) 
1 Organic subs. Content % 5 0-10 
2 Mud content % 3 Max  5 
3 Bulk specific gravity gr/cm3 2.39 - 
4 Bulk specific SSD gr/cm3 2.41 2.5-2.7 
5 Apparent specific gravity gr/cm3 2.42 - 
6 Absorption % 1.01 - 
Ref : *) SNI 03 – 1969 – 1990 and SNI 03 – 2417 – 1991  
4.1 Result of specific gravity test 
Result of specific gravity test of foamed concrete presented in Table 2. 
 
Table 2. Result of normal concretewithout foam density test 
No Volume(m3) Weight(kg) Density(kg/m3) Average(kg/m3) 
1 6.623x10-4 1.375 2076.098 
2073.079 2 6.623x10-4 1.361 2054.940 
3 6.623x10-4 1.383 2088.178 
 
Results for calculated density of foam concrete are presented in Table 3. 
 
Table 3. Result of LFC density test 
 
 
Result of foam concrete with Galvalum fibre additions is presented in Table 4. 
 
 
          Table 4. Result of lightweight foamed concrete with galvalum fiber density test 
No Fiber prop Code Spec Vol (m³)x10-4 Weight(kg) Specific Gravity (kg/m³) 
1 
  
0.25% 
  
KT GL 0,25% 
1 6.623 1.224 1848.105 
2 6.623 1.229 1855.655 
3 6.623 1.215 1834.516 
KB GL 0.25% 
1 6.623 1.234 1863.204 
2 6.623 1.239 1870.753 
3 6.623 1.146 1730.334 
No Fiber Content Code Specimen Vol (m³)x10-4 Weight(kg) Density (kg/m³) 
1 0% 
KT GL 0% 
1 6.623 1.177 1777.140 
2 6.623 1.182 1784.690 
3 6.623 1.171 1768.081 
KB GL 0% 
1 6.623 1.154 1742.413 
2 6.623 1.167 1762.041 
3 6.623 1.159 1749.962 
ME GL 0% 
1 5.301 9.800 1849.057 
2 5.301 9.830 1854.717 
3 5.301 9.850 1858.491 
Average 1794.066 
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No Fiber prop Code Spec Vol (m³)x10-4 Weight(kg) Specific Gravity (kg/m³) 
ME GL 0.25% 
1 5.301 9.960 1879.245 
2 5.301 9.920 1871.698 
3 5.301 9.900 1867.925 
Average 1846.826 
2 0.5%  
KT GL 0.5% 
1 6.623 1.251 1888.872 
2 6.623 1.204 1817.907 
3 6.623 1.256 1896.422 
KB GL 0.5% 
1 6.623 1.251 1888.872 
2 6.623 1.261 1903.971 
3 6.623 1.226 1851.125 
ME GL 0.5% 
1 5.301 10.100 1905.660 
2 5.301 9.990 1884.906 
3 5.301 10.050 1896.226 
Average 1881.551 
3  1%  
KT GL 1% 
1 6.623 1.257 1897.931 
2 6.623 1.247 1882.833 
3 6.623 1.259 1900.951 
KB GL 1% 
1 6.623 1.252 1890.382 
2 6.623 1.266 1911.520 
3 6.623 1.249 1885.852 
ME GL 1% 
1 5.301 10.120 1909.434 
2 5.301 9.980 1883.019 
3 5.301 10.150 1915.094 
Average 1897.446 
The results of testing compressive strength of LFC with Galvalum fiber additions using cylindrical test specimen, 
measure the diameter of 7.5 cm, and a height of 15 cm can be seen in Table 5.  
Table 5. Result of Compression Test 
No Fiber content Code Spec A(m2)x10-3 P max (KN) f’c(MPa) 
1 0% 
KT-GL 
0% 
1 4.418 65 15.60 
2 4.418 60 14.40 
3 4.418 65 15.60 
Average 63,33 15.20 
2 0.25% 
KT-GL 
0.25% 
1 4.418 75 18.00 
2 4.418 75 18.00 
3 4.418 70 16.80 
Average 73.33 17.60 
3 0.5% 
KT-GL 
0.5% 
1 4.418 90 21.61 
2 4.418 80 19.20 
3 4.418 95 22.81 
Average 88.33 21.21 
4 1% 
KT-GL 
1% 
1 4.418 80 19.20 
2 4.418 85 20.40 
3 4.418 80 19.20 
Average 81.67 19.60 
 
The results of testing the tensile strength of LFC with the addition of Galvalum fiber using cylindrical test 
specimen, measure the diameter of 7.5 cm, and a height of 15 cm can be seen in Table 6. 
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Table 6. Result of tensile split test 
No Fiber content Code No of Spec π . D. L(mm²) P max (KN) f’t(MPa) 
1 0% KB-GL 0% 
1 35325 30 1.80 
2 35325 25 1.50 
3 35325 30 1.80 
Average 28.33 1.70 
2 0.25% KB-GL 0.25% 
1 35325 30 1.80 
2 35325 30 1.80 
3 35325 35 2.10 
Average 31.67 1.90 
3 0.5% KB-GL 0.5% 
1 35325 45 2.70 
2 35325 40 2.40 
3 35325 45 2.70 
Average 43.33 2.60 
4 1% KB-GL 1% 
1 35325 35 2.10 
2 35325 40 2.40 
3 35325 40 2.40 
Average 38.33 2.30 
 
The results of testing the elastic modulus of LFC with Galvalum fiber additions using cylindrical specimen, 
diameter 15 cm, height 30 cm and can be seen in Table 7. 
 
Tabel 7. Result of elasticity modulus test 
Specimen 
P max 
(N) 
A 
(mm²) 
f'c 
(MPa) 
S2 
(MPa) 
E1 
(MPa) 
Regression 
Elastic Eq 
Y = m.x 
E2 
(MPa) 
S1 
(MPa) 
Ec 
(MPa) 
Ec 
Average 
(MPa) 
ME GL-0% 1 30x104 17678.57 16.97 6.79 0.05x10-3 58459 11.6x10-5 2.92 58459 
57038 ME GL-0% 2 32x104 17678.57 18.10 7.24 0.05x10-3 57592 12.6x10-5 2.88 57592 
ME GL-0% 3 34x104 17678.57 19.23 7.69 0.05x10-3 55063 14.0x10-5 2.75 55063 
ME GL-0.25% 1 36x104 17678.57 20.36 8.15 0.05x10-3 63260 12.9x10-5 3.16 63260 
65630 ME GL-0.25% 2 38x104 17678.57 21.49 8.60 0.05x10-3 65348 13.2x10-5 3.27 65348 
ME GL-0.25% 3 34x104 17678.57 19.23 7.69 0.05x10-3 68282 11.3x10-5 3.41 68282 
ME GL-0.5% 1 44x104 17678.57 24.89 9.96 0.05x10-3 76922 12.9x10-5 3.85 76922 
73975 ME GL-0.5% 2 42x104 17678.57 23.76 9.50 0.05x10-3 71793 13.2x10-5 3.59 71793 
ME GL-0.5% 3 42x104 17678.57 23.76 9.50 0.05x10-3 73210 13.0x10-5 3.66 73210 
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4.2 Discussion 
x Density 
Test results obtained by the specific gravity test for normal mortar is  2073 kg/m3 and for lightweight foam mortar 
is 1794 kg/m3. There is a decrease at specific gravity of 15.55% after normal mortar added with extra foam. For 
lightweight foam mortar with Galvalum fibrous, there is an increase in density due to the addition of fiber. 
The increase in compressive strength due to the contribution of fibers to the concrete mix can be seen on Fig. 1. 
Added fiber can still spread randomly as the fiber serves as reinforcement. Galvalum is also tightly glued with 
concrete mix forming a compact and solid mass so as to increase the value of compressive strength. The mechanism 
is expected that the concrete will be more solid / stable to withstand the loads due to the action of fiber (fiber 
confinement) which strongly binds around it. 
 
 
Fig. 1. Graph of compressive strength test 
 
x Tensile split strength 
As shown on Fig. 2, The result for tensile strength with Galvalum content of 0%, 0.25%, 0.5%, 1% tested at 28 
days are 1.70 MPa, 1.90 MPa, 2.60 MPa, 2.30 MPa. The maximum tensile split strength of LFC with the addition of 
the fiber content of 0.5%, yields a compressive strength of 2.60 MPa or an increase of 47.37% compared to the LFC 
concrete without fiber. The increase occurs due to the addition of Galvalum fiber which produces a better composite 
action. Expected mechanisms of fiber is that fiber will do the dowel action (peg action) so that the cracked pasta can 
be stable/sturdy to withstand loads that exist. 
ME GL-1% 1 34x104 17678.57 19.23 7.69 0.05x10-3 65418 11.8x10-5 3.27 65418 
68709 ME GL-1% 2 38x104 17678.57 21.49 8.60 0.05x10-3 69851 12.3x10-5 3.49 69851 
ME GL-1% 3 40x104 17678.57 22.63 9.05 0.05x10-3 70859 12.8x10-5 3.54 70859 
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Fig. 2. Graph of Tensile Split Strength Test 
 
x Modulus of elasticity 
Modulus of elasticity of concrete is a value that indicates the stiffness or resistance of concrete to resist 
deformation ( change in shape ). This helps in analyzing the stress-strain in simple structural elements and to 
determine the stress-strain analysis, moments and deflections in more complex structures. The test results for 
modulus of elasticity with the percentage of addition galvalum fiber of 0% , 0.25 % , 0.5 % , 1 %  respectively tested 
at 28 days are 57.038x103 MPa ; 65.630 x 103MPa; 73.975x103MPa ; 68.709 x103MPa.The maximum modulus of 
elasticity obtained is the lightweight foam concrete with the addition of the fiber content of 0.5 % with the yield 
modulus of elasticity of 25.81 % compared to the lightweight foam concrete without fibers. The value of elasticity 
modulus coresponds with resulting compressive strength, the greater value of the compressive strength, the greater 
value of  the elasticity modulus. The expected mechanism is that fiber-fiber pasta with concrete will form a 
composite matrix, where the fiber will withstand the loads in accordance with the modulus of elasticity. The graph 
can be seen on Fig. 3. 
 
 
Fig. 3. Graph of modulus elasticity test 
5. Conclusion 
From the results of research,as well as data analysis and discussion, it can be concluded as follows: 
1. Adding foam agent into the concrete mix can reduce the weight of the composite, this is evidenced by the 
reduction of the normal density of 2073 kg/m3 concrete into a light foam concrete of 1794 kg/m3. Its density 
increases after the addition of fiber . 
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2. The value of LFC compressive strength containing fiber of 0% ; 0.25 % ; 0.5 % ; 1 % tested at 28 days are 15.20 
MPa ; 17.60 MPa , 21.21 MPa ; 19.60 MPa, respectively with the increase of 15.20 % ; 34.09 % ; 20.75 % of the 
compressive strength of LFC without fibers . 
3. The average of tensile split strength value of LFC without fiber is 1.70 MPa, the LFC with the addition of the 
fiber content of 0.25 % , 0.5 % , and 1 % resulted in changes in the tensile strength of concrete - also at 1.90 
MPa , 2.60 MPa , and 2.30 MPa or split tensile strength increased by 11.76 % ; 47.37 % , and 23.08 %. 
4. The value of elasticity modulus with the addition of Galvalumfiber of 0% ; 0.25 % ; 0.5 %; 1 % is 57.038 
x103MPa ; 65.630x103 MPa ; 73.975x103 MPa ; 68.709x103 MPa. The maximum modulus of elasticity is the 
LFC with the addition of fiber content of 0.5 % . The addition of the fiber content of 0.5 % yield modulus of 
elasticity of 25.81 % which is highercompared to the LFC without fibers. 
Acknowledgement  
We are thankful to the Higher Education for supporting our research in 2013, and also our student Elfas and our 
colleague A Mediyanto who helped during this research. 
Referencences 
[1]  Neville, A.M, 2006, Properties of Concrete (4th edn). Longman, London 
[2]  Tjokrodimulyo, K, 1996. Concrete Technology, Nafitri. Yogyakarta 
[3]  D Aldridge, 2005 Introduction to foamed concrete what, why, how?,in: Proceeding from the int. Conference Global Construction: Ultimate 
concrete opportunities’, Dundee. 5-7 July 2005, Thomas Telford.2005: 1-14. 
[4]  Smith, R. C, Andres, C. K, 1989, Material of Construction, Fourth Edition, McGraw-Hill, Singapore Tests and properties of Concrete and 
Concrete Making Materials, 836-851 
[5] Mukhafi, MK, 2004,Study on Poisson Ratio and Shear Modulus of Lightweight concrete with aluminumfiber, S1 Thesis, Civil Engineering 
Department,  Faculty of Engineering, University of SebelasMaret  Surakarta.  
[6]  Dipohusodo, 1994,Reinforced Concrete Structures, Gramedia, Jakarta. 
[7]  Soroushian,P., andBayasi,Z., 1987, Consept of Fiber Reinforced Concrete, Michigan State University, Michigan.  
[8]  Husin, A danSetiadji, R. 2008, Effect on Foam Agent towards the Quality of concrete brick, Centre on Housing Research, Bandung. 
[9]  Indonesia National Standard, 1991, Requirements of Aggregates for Construction. National Standard Agency,  Jakarta.  
[10]  Indonesia National Standard, 2002, Requirements on Water for Construction. National Standard Agency. Jakarta. 
[11]  Anonymuous, 2012, Understanding on GalvalumFiber, http://wikipedia.com accessed: on March 2012. 
[12]  Purnawan Guawan at all, 2013, Effect on galvalum fiberaz 150 addition to lightweight concrete with foam technology towards its modulus 
of elasticity, tensile strength and compressive stength, Surakarta 
 
 
 
